Background: Ischemic ''pre''-conditioning has been shown to have antiarrhythmic effects. The aim of this study was to investigate whether ischemic ''post''-conditioning (post-CON) also has antiarrhythmic effects in ST-segment elevation myocardial infarction (STEMI) patients undergoing coronary angioplasty (PCI) as a clinical model of post-CON. Methods and results: A total of 61 patients suffering from an acute myocardial infarction (AMI) were included. The QT dispersion (QTd) was measured before each balloon inflation (BI) and after deflation (BD) during PCI. The hemodynamic parameters and electrocardiogram were also assessed during PCI. All data were analyzed using a logistic regression analysis. A total of 36 of 61 STEMI patients could be analyzed according to the protocol. The QTd shortened significantly as the BI and BD were repeated (p < 0.05). Prior to the PCI, frequent premature ventricular contractions (PVCs) were observed in 5 patients, and the PVCs were remarkably suppressed or disappeared entirely as the BI and BD were repeated. Non-sustained ventricular tachycardia was observed prior to the PCI in 2 patients; this also disappeared as the BI and BD were repeated. Ventricular fibrillation (VF) occurred in 1 patient prior to PCI, necessitating D-C cardioversion. After repeating the BI and BD during PCI, VF no longer recurred. Conclusions: In the majority of the AMI patients studied, post-CON exhibited significant antiarrhythmic effects as assessed by the change in the QTd. The ventricular dysarrhythmias were also suppressed during the PCI.
Introduction
Ischemic preconditioning (pre-CON) was introduced as a potent endogenous form of cardioprotection against ischemic-reperfusion injury. Brief preceding periods of myocardial ischemia seem to delay the lethal myocardial cell injury observed during subsequent coronary occlusions [1, 2] . This phenomenon of pre-CON may increase the ventricular fibrillation (VF) threshold and reduce the incidence of ischemic and reperfusion arrhythmias [3] [4] [5] [6] .
It has been observed that the heart seems to be able to effectively protect itself from reperfusion not only by preconditioning, but also by brief episodes of ischemia during the early reperfusion period following a pronounced ischemic event, which is called ischemic ''postconditioning'' (post-CON) [7] .
Post-CON can be provoked by reperfusion of the coronary arteries after a relatively longer occlusion. There is evidence to demonstrate that pre-CON may induce antiarrhythmic protection in humans [8] [9] [10] . However, whether the same antiarrhythmic effects can be expected for post-CON has not been clarified.
Hypothesis
A short series of repetitive cycles of brief reperfusion and reocclusions of the coronary artery applied immediately at the onset of the reperfusion, termed ''post-CON,'' was cardioprotective due to the reduction in the infarct size, coronary artery endothelial dysfunction, and neutrophil accumulation in the area at risk [7] . Kin et al. experimentally investigated the cardioprotective effects of pre-CON by performing the following experiment using rat hearts [12] . They demonstrated this by occluding the coronary artery for 30 min, and then reperfusing it by loosening the ligature for 3 h. During that 3-h interval, immediately upon the onset of the reperfusion after the 30-min coronary occlusion, the reflow was initiated with 10 s of full coronary flow, followed by 10 s of re-occlusion, and repeated for a total of three to six cycles. We believed that those repeated coronary arterial occlusions and reperfusions were very similar to an ST-segment elevation myocardial infarction (STEMI). Therefore, a primary percutaneous coronary intervention (PCI) performed for STEMI patients could be regarded as a clinical model of post-CON. In addition, we considered that we might be able to assess the electrical effects of the post-CON by investigating several clinical parameters during the primary PCI in the STEMI cases.
Methods
The study design was accepted by the Ethics Committee of Yokohama-City Bay Red Cross Hospital. Informed consent was obtained from all patients.
Patients
This study consisted of 61 consecutive patients undergoing an emergency coronary angioplasty for acute coronary syndrome and fulfilling the following criteria after obtain- ing the informed consent from all the patients: (1) totally occluded single-vessel coronary lesion; (2) coronary lesion in a relatively proximal portion of the vessel; (3) documented acute myocardial ischemia; (4) no antiarrhythmic agents including beta-adrenergic blocking agents at the time of the procedure; and (5) no acute procedural complications. The clinical data from the study group are shown in Table 1 .
Study protocol
All the study patients had serious chest pain of sudden onset, and were transferred to our institute to undergo a needed medical assessment regarding their physical status. Blood chemistry examinations were performed revealing a significant rise in cardiac biomarker values suggestive of an acute massive necrosis of the myocardium. All the study patients had a total coronary occlusion resulting in a STEMI when the coronary angiography was performed to assess the status of the coronary arteries.
PCI was performed according to the standard technique. Unfractionated heparin was given as an initial bolus of 60 IU/kg, and additional boluses were administered during the PCI procedure to achieve an activated clotting time of 250-300 s. The blood pressure was monitored through the sheath inserted into the radial artery. All patients who had not taken aspirin before the presentation of the STEMI received aspirin at a dose of 200 mg, followed by 100 mg/day by mouth indefinitely. The patients were loaded -if not previously taking clopidgrel -with 300 mg of clopidgrel before the PCI procedure, followed by 75 mg/day for at least 12 months. Serial samples for determination of the cardiac biomarkers such as creatine kinase and lactate dehydrogenase were routinely collected in all patients 6, 12, and 24 h after the procedure.
Electrocardiographic analysis
A 12-lead electrocardiogram (ECG) was recorded at a paper speed of 50 mm/s before and after each balloon inflation (BI) and deflation (BD) procedure at a timing when the ST segment elevation returned to the original level before the BI procedure in addition to just after the BD procedure.
The duration times of balloon inflation and deflation were approximately 10-30 and 5 s, respectively. All ECG tracings were analyzed for the measurement of the QT interval dispersion as a surrogate marker of the ventricular myocardial electrical inhomogeneity. The QT intervals in all the ECGs were measured routinely for 5 consecutive beats by two cardiologists. Those two investigators were blinded with respect to the patient to which the ECG under analysis belonged. The QT intervals were measured from the beginning of the Q wave to the return of the T wave to the isoelectric line in each lead, in which the end of the T wave could be discerned. In the presence of a U wave, the end of the T wave was defined as the intersection of the tangent to the repolarization slope with the isoelectric line. The QT dispersion (QTd) was defined as the difference between the maximal and minimal QT interval across the 12-lead ECG electrograms.
Statistical analysis
All values are expressed as the mean ± SD. Because all the measurements of the QTd were normally distributed, a logistic regression analysis was used for the analysis. A p-value <0.05 was considered significant.
Results
A total of 36 out of 61 patients were studied, 25 patients were excluded from the study because of the difficulty in precisely measuring the QT intervals in the 12-lead ECGs or transient ventricular back-up pacing. The QT intervals were measurable in an average of 10.9 leads. A proportion of the patients were taking beta-blockers and/or calcium-channel blockers, but no other antiarrhythmic drugs or other drugs known to influence the action potential duration.
During the primary PCI, the BI and BD cycles ranged from 2 to a maximum of 9. The average BI and BD cycles were 4 ± 1.1. In all the patients, the successful recanalization of the target coronary arteries was performed without any serious adverse effects such as a coronary dissection, acute recoiling, or sub-acute thrombosis.
Repeated measurements of the QTd from 50 randomly chosen 12-lead ECGs from the patients revealed a mean, non-significant intraobserver variability of the QTd of 8 ± 6 ms (range 4-32).
Hemodynamic status
The BI and BD were repeated for a maximum of 9 times in the PCI cases. During the PCI procedure, the systolic and diastolic blood pressures were relatively maintained well without any need of cardiac support agents. When VF spontaneously occurred during the procedure, the blood pressure dropped down seriously and was associated with a sudden loss of consciousness. However, it returned to the baseline level immediately after the electrical defibrillation.
The change in the QTd and arrhythmias during the PCI procedure
An example of the measurement of the QT interval and change in the QT dispersion are shown in Fig. 1 . The change in the QTd significantly decreased as the BI and BD were repeated (Fig. 2) . Prior to the PCI procedure, frequent premature ventricular contractions (PVCs) were observed in 5 patients, and those PVCs were suppressed by more than 70% or entirely disappeared as the BI and BD were repeated. Non-sustained ventricular tachycardia (VT) was observed prior to the PCI in 2 patients, however, that also disappeared as the BI and BD were repeated. VF occurred in one patient prior to the coronary arterial recanalization, and it necessitated external electrical defibrillation to regain sinus rhythm. After repetition of the BI and BD during the PCI procedure, the VF no longer recurred even though the coronary artery was totally occluded for approximately 30 s during the BI.
Discussion
Previously we were able to demonstrate that pre-CON had an antiarrhythmic effect as evaluated by the significant decrease in the QTd, which was investigated in cases that had undergone an elective PCI [6] . Hara et al. also reported a pharmacological study regarding the antiarrhythmic effects of intravenous nicorandil which is supposed to induce the ischemic pre-conditioning in STEMI patients [11] .
Brief intermittent repetitive interruptions in the perfusion at the onset of reperfusion after a prolonged period of ischemia reduced the myocardial injury to an extent comparable to pre-CON [7] . In all the study patients, all the coronary lesions of interest were totally occluded, and primary PCI was successfully able to recanalize such coronary arteries.
This phenomenon has much similarity to the experimental model regarding the post-CON [12] [13] [14] . Therefore, we hypothesized that a primary PCI performed for a STEMI could be regarded as an appropriate clinical model of the post-CON.
The QT interval has been used to describe the time between the onset of the ventricular activation and electrical recovery after activation. The QTd is the range of the QT intervals across the 12-lead ECGs. Increased dispersion of the electrical recovery after the activation was experimentally demonstrated to be a key factor in the development of serious and fatal arrhythmias associated with ischemia [15] . In contrast, reduced dispersion was considered to suppress those types of arrhythmias [16, 17] . In our study, the QTd became decreased as the BI and BD were repeated during the PCI procedure which resulted in the successful recanalization of the target coronary arteries. Accordingly, several kinds of malignant ventricular arrhythmias such as PVCs and nonsustained VT and VF were significantly suppressed in the present study. There may be a close relationship between the shortening of the QTd and the suppression of malignant ventricular dysrhythmias. However, the time course of these arrhythmias might be also associated with the consequences of the coronary reperfusion due to PCI. Figure 1 (A) This tracing shows an acute coronary syndrome of the left ventricular anterior wall. The longest QT interval was observed in lead V4 and the minimum QT interval in V2. After several balloon inflation (BI) and balloon deflation (BD) procedures, the maximum QT changed from 590 to 490 ms, and the minimum from 460 to 430 ms. Accordingly, the QT dispersion significantly decreased from 130 to 60 ms. (B) This tracing demonstrates an acute coronary syndrome of the left ventricular inferior portion. The maximum QT interval was observed in lead II and the minimum QT interval in lead V2. The maximum QT interval changed from 450 to 390 ms, and the minimum QT interval from 390 to 360 ms after several BI and BD procedures. Therefore, the QT dispersion exhibited a significant change from 60 to 30 ms. QTd, QT dispersion.
Halkos et al. experimentally investigated the interference between the pre-and post-CON when performing the repeated cycles of the coronary occlusions and reperfusions. They found that VF occurred less often in the treatment groups (providing coronary arterial intervention) compared to the control (no coronary intervention). Moreover, they also demonstrated that VT which occurred with the initiation of the reperfusion promptly resolved with the reocclusion during the post-CON period [14] . Therefore, our results in the present study could be regarded as showing the antiarrhythmic effects of post-CON. The suggested mechanisms of the post-CON effect on protecting the myocardium from ischemic injury were a reduction in the neutrophil accumulation, decrease in the endothelial dysfunction [7] , attenuation of oxidative stress [12] , reduction in apoptotic cell death, and attenuation of mitochondrial calcium accumulation [18] . Further study will be necessary to investigate which mechanism is responsible for the antiarrhythmic effects of the post-CON.
Yang et al. described that after the initial reperfusion of the infarct artery during the primary PCI in patients with an acute myocardial infarction, several brief, low-pressure balloon occlusions of the vessel could be performed before the procedure is completed with subsequent additional dilations to obtain a sufficient TIMI grade flow. This procedure of post-CON could be safely and readily adapted for clinical usage [19] . In the present study, we were successfully able to accomplish the PCI procedure with a sufficient TIMI grade flow in all cases, and significant antiarrhythmic effects could be expected in these kinds of successful recanalizations of the coronary arteries in STEMI cases.
Limitations
First, the present study lacks a control group, however, we were determined not to have a control group due to the ethical issue which might be provoked by the nonfulfilment of the appropriate treatment for patients with a STEMI. Therefore, this study can be regarded as a preliminary clinical study. Second, the portion of the occluded coronary arteries varied among the cases, therefore, the QT intervals and QTd measurements might have been influenced by the regional ischemia itself rather than the electrical effects provoked by the post-CON. Third, the TIMI grade after the first recanalization of the target coronary artery varied among the cases during the primary PCI and ranged grade II-III, and therefore, there might have been differences in regard to the strength of the antiarrhythmic effects provoked by the post-CON. Fourth, the time from the sudden occlusion of the coronary artery to the recanalization also varied among the cases (should be less than 1 h in all cases), therefore, there also might have been differences concerning the electrical effects associated with the post-CON. Fifth, the occluded portion of the coronary artery also varied, and therefore, we could not exclude the possibility that unmasked additive antiarrhythmic effects of the post-CON might have been induced if a more proximal coronary artery would have been occluded. Sixth, the pre-and post-CON were additive during prolonged ischemia [13] , so the antiarrhythmic effects of the pre-CON in addition to post-CON might have contributed to the results in the present study. Seventh, relief of ischemia can reduce ischemia-induced arrhythmias during PCI. However, it might be possible that post-CON provoked by relief of ischemia principally might exert antiarrhythmic effects during PCI. Eighth, the re-occlusion of the coronary artery less than 1 min after the reperfusion is necessary to provoke ischemic post-conditioning [20] . Several cases might be involved in which the re-occlusion of the coronary artery was performed later than 1 min. However, we were unable to clarify this because of the lack of the detailed recording regarding the exact procedure of balloon inflation and deflation.
In summary, the post-CON performed within approximately less than 1 h of serious ischemia followed by reperfusions and occlusions of the coronary artery significantly reduced the QTd, and VT/VF associated with acute ischemia during the primary PCI.
